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POLYMERS DERIVED FROM ETHYLENE AND 1 m itpmc cad i 
IN THE PRFPARATION OF L I JRR IP ANT r^gpgRt^^TpAnnrn\ Ice USE 



FIELD OF TH E INVENTION 

The invention relates to polymers derived from ethylene and 1-butene which 
possess a certain combination of chemical and physical properties rendering the 
polymers particularly suitable as "polymer backbones" for the preparation of 
lubricating oil additives, particularly dispersants. The invention also relates to 
.mproved oil-soluble dispersant additives prepared from the polymers and useful in 
lubricating oil compositions, and to concentrates containing the oil-soluble disoersant 
additives. 



BACKGROUN D OF THF tNIVFMTlOM 



Hydrocarbon oil compositions typically comprise a mixture of at least one 
hydrocarbon base oil and one or more additives, e.g., dispersant additive where 
each additive is employed for the purpose of improving the performance and 
properties of the base oil in its intended application; e.g., as a lubricating oil heating 
oil, diesel oil, middle distillate fuel oil, and so forth. 

Dispersants are typically polymeric materials with an oleophilic component 
proving oil solubility and a polar component providing dispersancy. Dispersants 
generally have a number average molecular weight of 1 0.000 or less. 

Dispersants used in lubricating oils typically are hydrocarbon polymers 
modified to contain nitrogen- and ester-based groups. Polyisobutylene is commonly 
used ,n the preparation of dispersants. although other hydrocarbon polymers such as 
ethylene-a-olefin copolymers, can be employed as well. Dispersants are primarily 
used to maintain in a suspension in the oil any insolubles formed by oxidation etc 
dunng use. thereby preventing sludge flocculation and precipitation. The amount of 
o.spersant employed is dictated and controlled by the effectiveness of the particular 
material in achieving its dispersant function. 

Nitrogen- and ester-based dispersants can be prepared by first functionalizing 
a long-chain hydrocarbon polymer, e.g. . polyisobutylene, with maleic anhydride to 
form the corresponding polymer substituted with succinic anhydride groups and then 
der.vat,2ing the succinic anhydride-substituted polymer with an amine or an alcohol or 
the like. Polyisobutylene generally contains residual unsaturation in amounts of 
about one ethylenic double bond per polymer chain, positioned along the chain The 
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ethylenic double bonds serve as sites for functionalizing the polyisobutylenes by, for 
example, the thermal "ene" reaction (i.e., by direct reaction with maleic anhydride or 
one or more other dicarboxylic acid moieties). 

The polyisobutylene (PIB) polymers employed in conventional dispersants 
typically have a number average molecular weight (Mn) of from 900 to 2500. PIB 
having a Mn of less than 300 gives rather poor performance results when employed 
in dispersants because the molecular weight is insufficient to keep the dispersant 
molecule fully solubilized in lubricating oils. On the other hand, high molecular 
weight PIB (M n > 3000) can be too viscous and difficult to process in many 
operations. This problem becomes much more severe as the PIB molecular weight 
increases to 5,000 or 1 0,000. 

Increased amounts of terminal ethylenic unsaturation in polyisobutylene (so- 
called "reactive polyisobutylene") have been achieved by BF3-catalyzed 
polymerization of isobutylene, such as disclosed in U.S. Patent 4,152,499. 
15 Nonetheless, reactive polyisobutylenes can still contain substantial amounts of 
unsaturation elsewhere along the chain. Furthermore, it is difficult to produce 
reactive polyisobutylene polymers at molecular weights of greater than 2,000. 

U.K. Patent 1,329,334 exemplifies the use of a conventional Ziegler-Natta 
catalyst for the preparation of ethylenes-olefin copolymers of relatively low molecular 
2 o weight. The patent discloses the production of ethylene polymer wax by polymerizing 

ethylene and optionally an a-olefin in the presence of hydrogen using a catalyst 
composed of a titanium or vanadium halogen compound supported on a carrier (a 
hydrocarbon-insoluble Mg compound) and an organo-aluminum compound. The 
molecular weight and density of the polymer wax are controlled by the amount of 
2 5 hydrogen and/or a-olefin used in the polymerization. The polymer wax is disclosed to 
have a M v in the range of 400 to 20,000. The wax may be oxidized without the 
formation of cross-linkages due to the small content of double bonds in the wax, and 
the oxidized wax may be modified by reaction with a maleic acid compound. The 
patent contains an example disclosing the production of an ethylene-1 -butene 
polymer wax containing 28 ethyl groups per 1000 carbon atoms, which is equivalent 
to about 94 mole% ethylene assuming the ethyl groups in the polymer are due to 
units derived from 1 -butene. 

Ethylenes-olefin copolymers of low molecular weight and containing residual 
double-bond unsaturation have been prepared using a catalyst comprising a 
metallocene and an alumoxane. For example, U.S. 4,668,834 teaches ethylenes- 
olefin copolymers and terpolymers having a Mn of between about 250 and about 
20,000, a viscosity index of at least about 75, a vinylidene-type terminal unsaturation 
and molar ethylene content in the range of between about 20 and about 80. 
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Propylene and 1-butene are specifically disclosed to be among the preferred a- 
olefins for polymerization with ethylene. The ethylene-a-olefin copolymers and 
terpolymers are disclosed to be useful as intermediates in epoxy-grafted electrical 
encapsulation compositions. The patent does not contain any examples directed to 
5 the preparation of ethylene-1 -butene (EB) copolymers; nor does it contain any 
disclosure relevant to the preparation of nitrogen-containing ashless dispersants. 

Similarly. U.S. 4,704,491 relates to liquid ethylene-a-olefin random copolymers 
which can be produced by copolymerizing ethylene and a C3-C20 a-olefin in the 
presence of a catalyst comprising a group IVb transition metal compound, such as a 

10 metallocene, and an aluminoxane. In addition to numerous examples directed to EP 
copolymers, the patent provides two examples of the preparation of EB copolymers 
by the polymerization of ethylene and 1-butene in the presence of zirconocene- 
aluminoxane catalyst systems. Example 6 discloses an EB copolymer having an 
ethylene content of 55 mole% (=38 weight percent) and an M n of 1200. Example 14 

15 discloses an EB copolymer with 60 mole% ethylene (43 wt%) and M n of 2300. The 
patent states that the liquid copolymer can be easily modified since it has a double 
bond capable of reacting with maleic anhydride, etc., at the molecular chain ends. 

PCT Published Application WO 90/1,503 is directed to ethylene-a-olefin 
polymers containing ethylene of from about 20 to about 80 mole percent (11-67 

2 o weight %); a number average molecular weight of from about 300 to about 1 0,000; 

and in which at least 90% of all polymer chains contain at least one carbon-carbon 
double bond and exhibit a ratio of vinyl idene to vinyl double bonds of at least 3.5 to 1. 
It is disclosed that the polymers can be prepared by polymerization of ethylene and 
the a-olefin using certain metallocene-alumoxane catalysts and by using certain 
25 procedures and conditions. Example 5 discloses the preparation of an EB copolymer 
with M n of 860 using dimethylsilyldicyclopentadienyl zirconium dichloride and 
methylalumoxane. The remaining preparative examples are directed to ethylene- 
propylene copolymers. 

U.S. 5,043.515 teaches a zirconocene/aluminoxane catalyst for oligomerizing 

3 o olefins snd the oligomerization process using the catalyst Mors particuiariy, the 

patent discloses the oligomerization of ethylene or ethylene with one or more C3-C10 
a-olefins using the catalyst. It is further disclosed that, when the starting material is 
ethylene in combination with one or more a-olefins, the product olefins (i.e.. the 
oligomers) contain significant portions of vinylidene olefins. Example 3-5 of the 
3 5 patent describes the oligomerization of ethylene and 1 -butene using 

bis(cyclopentadienyl)zirconium dichloride and aluminoxane. The oligomers are 
disclosed to be useful as intermediates in preparing specialty detergents or lubricant 
additives. 
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European Published Patent Application 353,935 A1 is directed to oil-soluble 
lubricating oil additives comprising at least one terminally unsaturated ethylene-a- 
olefin polymer having a number average molecular weight of 300 to 10,000 
substituted with mono- or dicarboxylic acid producing moieties, wherein at least about 
30 percent of the polymer chains of the ethylene-a-olefin polymer possess terminal 
ethenylidene unsaturation. European Published Patent Application 441,548 A1 
provides similar teachings for terminally unsaturated ethylenes-olefin copolymers 
having number average molecular weights from about 300 to 20,000. EP 353,935 Ai 
further discloses that the monocarboxylic acid and the dicarboxylic acid or anhydride 
substituted polymers can be further reacted with a nucleophilic reagent such as 
amines, alcohols, amino alcohols and metal compounds, to form derivatives useful as 
lubricating oil additives such as dispersants. Suitable ethylene contents for the 
ethylene-a-olefin polymers are disclosed to range from 20 to 80 mole%. Example 5 
discloses the preparation of an EB copolymer with M n =860 using 
dimethylsilyldicyclopentadienyl zirconium dichloride and methylalumoxane. The 
ethylene content of the polymer is not disclosed in the Example. The subsequent 
^nationalization of the polymer to an EB-substituted succinic anhydride (EBSA) and 
the derealization of the EBSA with an amido amine are also exemplified. 

U.S. 4,981.605 relates to liquid epoxidized ethylenic random copolymers and 
to liquid hydroxylated ethylenic random copolymers, both of which are useful as 
lubricant oil additives, paint additives, and resin modifiers. The patent discloses that 
the epoxidized/hydroxylated ethylenic random copolymer is an epoxidation/ 
hydroxylation product of a liquid ethylenic random copolymer of ethylene and a C3- 
C20 a-olefin, wherein the epoxy/hydroxyl groups are each formed via a carbon- 
carbon unsaturated bond derived from ethylene or the a-olefin and positioned at the 
polymer chain end of the liquid ethylenic random copolymer. The patent further 
discloses that the liquid ethylene random copolymer has. inter alia, an ethylene 
component content of 10-85 mole%. an a-olefin content of 15 to 90 mole% a M n of 
usually 200 to 10,000, and a molecular weight distribution of usually not more than 
4.C. Referential Example 6 discloses the preparation of a liquid EB random 
copolymer with an ethylene content of 58 mole% (41 wt%) and M n of 1500 by 
polymerization of ethylene and 1-butene in the presence of bis(cyclopentadienyl) 
zirconium dichloride and aluminoxane. 

Other publications which relate primarily to the chemical modification of 
metallocene-alumoxane-prepared. low molecular weight ethylene-a-olefin copolymers 
to provide additives for lubricating oils include, for example. US 4 943 658 and U S 
5,017.299. ' 
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It has been found that further improvements in the performance of ashless 
dispersants based on ethylenes-olefin polymers, as well as significant improvements 
m the economics of the dispersants can be achieved by selectively controlling for 
example, the specific co-monomer and its content and certain polymer properties 
within the broad general class of ethylene-a-olefin copolymers. 

SUMMARY QF THF INVFKITinM 

Copolymers derived from ethylene and 1-butene (referred to as ethylene-1 
butene copolymers or EB copolymers) which can be characterized by a complex set 
of properties: a number average molecular weight of from 1 .500 to 7 500" at least 30 
percent of all polymer chains terminated with ethylvinylidene groups- ethylene 
content of not greater than 50 weight percent; and capable of forming solutions in 
mineral oil which are free of polymer aggregates, as indicated by light scatterina 
measurements. More particularly, the EB copolymers of the invention are 
charactenzed by forming mineral oil solutions which have values of zero for their lioht 
scattering factor, Sf, as hereinafter defined. The Sf value of zero exhibited by these 
solut.ons shows that there is an absence of association or aggregation b«twe~ 
md.vidual EB polymer molecules dissolved in the mineral oil solutions These"" 
aggregation-free mineral oil solutions of the EB copolymers of the invention may 
alternatively be referred to as homogeneous mineral oil solutions. 

This combination of properties yields EB copolymers of the invention 
especially suitable for use as polymer backbones in lubricating oil additives 
part.cularly dispersant additives. The limited range of number average molecular 
we.ght characterizing the EB copolymers of the present invention ensures that 
dispersants produced from the copolymers are fully solubilized in lubricating base 
oils and, simultaneously, avoids or reduces handling problems due to high viscositv 
levels and wax crystal interactions. Because of the relatively high level of termin al 
e il^^ the dispersant additives 

enhancedl ubri^^ a s exniblieTbTeT^^ 

control properties. " — - v «""'sn 

Furthermore, the polymers of the present invention and the dispersant 
add,t.ves produced therefrom, possess enhanced pour point performance in 
lubr.cat.ng oil compositions to whichtheTire added a^h^\sol^^~ 
conventional lubricating oi l flow improversJL OFTsl This beneficial pour point 
behavior of the dispersants is believed to be attributable in part not only to the ability 
of the EB copolymers to form homogeneous mine^gl^., ^ free of , 



WO 54/1943< 



PCI7US93/12133 



- 6 - 



10 



15 



aggregates as manifested by Sf values of about zero , but also to the limite d ethylene 
_content In contrast, EB copolymers with Sf values g reatgjhanzgr o anoToTelhyiene 
con tents in excess of about 50 weight percent, and dis p ersant additives ip roducad 
therefr om, can exhibit an increase in the pour point_cjlubrjc ating oil compositions in 
wh ich they are us ed. Accordingly, in one of its aspects, UTiTinvention concerns 
lubrjc£ing L oj^ compositions comprising a major am ount of a lubricating base oil, an 
eff ective amou nTof a LOFI, and~a minor am ount of the EB copolymer"oTthTp7eseht 
inv ention. " " — 

A further aspect of this invention relates to the EB copolymer functional ized 
with reactive groups, such as by substitution with mono- or dicarboxylic acid materials 
(i.e., acid, anhydride or acid ester) produced by reacting (e.g., b y the "ene" reaction ) 
the EB copolymers of the invention with mono -unsaturated carhnryiin r Ca rt nnt ^ ^ 
monocarb oxylic acid and the di carb oxylic a cid or anhydride substitutedEiT" ~ 
copplymgrs are useful per se as additives to lubricating oils .^ndTin ^othe r -aspect of 
this _ i _ n - v Q r l tion . can also be reacted with nucleophil^ea genjg,^sur.h%« ? amines? 
al cohols, ajpj noj^oholsand metal impounds, to form derivative^roducts which are 
al so useful as lubricating oil additives, e.g., as dispersants. 

In still another aspect of this invention, lubricating oil additives are produced 
by functionalizing the EB copolymers of the invention using reactants other than the 
20 mono-unsaturated carboxylic reactants heretofore described. Accordingly, the 

copolymer can be functionalized by reaction with a hydroxy aromatic compound in the 
presence of a catalytically effective^mou nt of at least one acidic alkylation cata lyst. 
Subsequently, the alkylated hydroxyaromatic compound can be reacted by MannTch 
jasecondensation with an aldeh ydeandan amine reagent to provfde a derivatized ' 
25 copolymer. " 

Lubricating oil additives within the scope of this invention are also produced by 
oxidati on of the EB copolymer of the invention, such as oxidation with a oas 
c ontaining oxygen and/or ozone. The copolymer can also be functionalized by 
hydroform ylation and by epoxidation. The EB copolymers can also be functionalized 

z o by contacting the copolymers under Koch reaction conditions with carbon monoxi de 
in the presence of an acidic catalyst and a nucleophilic trappin^ agentsuch aswater 
or a hydroxy<pntaining_compo^ compoWto fomTcarbo^vT 

groups on the polymer Furthermore, the aforesaid functionalized polym^rsfoTSed 
by oxidation, hydroformylation, epoxidation, and Koch reaction can be derivatized by 

3 5 reaction with at least one derivatizing compound to form derivatized polymers. 
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BRIEF DESCRIPTIO N OF THE DRAWINGS 

Figure 1 provides a schematic comparison of the light scattering behavior of 
the EB polymer of the invention with another EB polymer. Figure 1-A is a graphical 
plot of the scattered light intensity for a solution of the EB polymer of the present 
invention in S150NL mineral oil as a function of the time which has elapsed following 
the quenching of the solution from a temperature of about 80°C or higher to 20°C 
wherein the EB polymer forms a homogeneous solution with an absence of ' 
aggregates following the quench. Figure 1-B is a comparative graphical plot of 
scattered light intensity data for a S150NL mineral oil solution of an EB polymer which 
forms a solution containing aggregates following the quench. 

Figure 2 is a plot of the pour points of the EB copolymers in Table IV of the 
Examples as a function of their wt.% ethylene content. The diameter of the circle 
marking the pour point of a given copolymer is proportional to its number average 
molecular weight. The number associated with each circle is the sample number 
assigned to the copolymer in Table IV. 

Figure 3 provides graphical plots of the scattered light intensity from solutions 
of EB polymer in S1 50NL mineral oil as a function of the time which has elapsed 
following the quenching of the solution from a temperature of about 8CTC to 20°C 
Figure 3-A is a plot of the light scattering data for a sample of the EB copolymer 
prepared in Example 1 , and Figure 3-B is a plot of the light scattering data for a 
sample of the EB copolymer prepared in Comparative Example 2. 

25 DETAILED D ESCRIPTION OF THE INVENTION 

The present invention relates to copolymers derived from ethylene and 1- 
butene characterized by a certain combination of chemical and ph^ic^pTb^ertiis 
which makes the copolymers especially suitable for use as the backbone of 
3 o dispersant additives, Mcre_p^^ possess & 

.gjg^ljg^^ unsaturate, a numfr^rige" ~~ 

mo Lig^^t within a limited range, controMej^^ to 
form m.neral oil solutions which have an ab S 9nce"o7Dol^ er a nn r^ tn ^^- 
these properties cont ributes in one or more respects to the utilityoTthTc^ 

35 a dispersant backbone. " ' — — 

The EB copolymers of this invention possess a high degree of terminal 
v.n^.dene-fype unsaturation. The EB copolymers chains are represen^bylhe 
formula POLY-C(-CH 2 CH3)=CH 2 . wherein POLY represents the polymer chain and 



20 
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-C(-CH2CH3)=CH2 represents an ethylvinylidene group terminating one end of the 
chain. The EB copolymers typically have ethylvinylidene groups terminating at least 
30 percent cf the polymer chains; more preferably, at least 50 percent of the polymer 
chains, and most preferably at least 65 percent of the polymer chains, and typically 
5 from 50 to 75 percent. In_angitjnn i th.e r^pniymorc typical ly have vinvl g roups (i e 
POLY-CH = CH2. where -CH=CH2 i s vinyl) terminating no more than 10 percent of the 
chains andTniernai mono-unsaturation in the balanceofthe chains. The internal 
mono-unsaturation typically includes vinylenes (i.e., POLY-C(-CH3)=CH(-CH3), 
where the methyls may be cis or trans to each other) in amounts between 1 to 8 

10 percent based upon total polymer unsaturation and tri substituted vinyls in amounts 
between 20 and 50 percent. The percentage of polymer chains exhibiting terminal 
ethylvinylidene unsaturation, terminal vinyl unsaturation, etc. may be determined by 
Fourier transform infrared (FTIR) spectroscopic analysis, titration, or by C-13 NMR. It 
will be understood that a change in the type of metallocene catalyst or co-catalyst 

15 used to prepare the polymer can shift the above described double bond distribution to 
some extent. Because of the relatively high level of terminal ethylvinylidene 
unsaturation in the EB copolymers, the dispersant additives produced therefrom have 
high active ingredient concentrations, thereby providing enhanced lubricating oil 
dispersancy. as exhibited by enhanced sludge and varnish control properties. 

2 o The copolymers of this invention have a number average molecular weight 

(M n ) of typically from 1 ,500 to 7,500, preferably from 1 ,500 to 6,000 (e.g., 1 ,500- 
5,000), and most preferably from 2,000 to 5,000 (e.g., 2.200 to 4,000). 

With regard to composition; the EB copolymer will typically contain not greater 
than 50, preferably not greater than 45, and most preferably not greater than 40 
25 weight percent ethylene, based upon the total polymer weight. Thus, the ethylene 
content can range typically from 1 to 50 (e.g., from 5 to 50) weight percent, preferably 
from 5 to 45 (e.g., 5 to 35) weight percent, and most preferably from 10 to 35 (e.g., 10 
to 30) weight percent. The balance of the copolymer content is substantially based 
upon units derived from 1-butene. Thus, the 1-butene content is typically from 99 to 

3 0 50 (e.g., 95 to 50) weight percent, preferably from 95 to 55 (e.g., 95 to 65) weight 

percent, and most preferably from 90 to 65 (e.g., 90 to 70) weight percent. 

The copolymers of this invention may optionally contain small amounts (e.g., 
typically up to 10, preferably up to 5 weight percent) of units derived from other a- 
olefins and C3 to C22 diolefins. For example, introduction of small amounts of other 
35 C4 olefins can result during the preparation of the EB copolymers through the use of 
1-butene reactant streams which also contain certain amounts of 2-butene, 
isobutene, and/or butadiene. 
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The EB copolymers of the invention also form mineral oil solutions havino an 
absence of aggregation, i.e.. an absence of association between JiZal EB 
Kpofrm* mo.ecu.es dissoived in S 1 50NL minera, oil at low concent on typica,, 5 
wt.%. More part.cu.arly, the EB copolymers of the invention form min , '., ypiCa,,y 5 
5 with an absence of aggregation at arc after ^^17" 
emperature of atrc or higher. This response is oharaLJd ^^Zna 
behavior, wherein these solutions have a value of zero for their liah s^Tn T 
S, EB copolymers of the present invention genera,, 

or .mproved properties pertinent to their use in .ubricating oi.s relativeTo thwe EB 
io copolymerswhichexhibitaggregation. Furthermore, when tte po^e^ 
present .nvent.cn are used as po.ymer backbones in .ubricating oi.Tddi«v es 
part.cu.ar, dispersant additives, the beneficial or improved properties of the nni 
are imparted to the additive. For example, the non-aggrega Z2etfl EB 
copolymers of the invention is a sufficient condition *tomJ^£ZZZ 
15 performance of the copolymers in minera. .ubricating oi.s and^r Z Z , T 

Pounce of additives obtained by ^^^^^^ 

defon^nf * 1 a " re8ation of an EB «*<*y™ in a minera. oil solution at arc - 
2 o e^aln 



S f = deq-W/'c 



(I) 



25 



In equation (I), | 0 is the average initia. intensity of the light scattered from * 
so.ut.on comprising from 1 to 10 weight percent, typica.,5 we^t ^ oZ EB 

ZrV^f ^ (S ° ,Vent 150 neUtra ' ' i9ht) --era. .ubnca ing^o T 
Company U.S.A.) .mmedia.e, after the so.ution has been quenched fromT 

temperature of 80«C or higher to a temperature of 20'C b is 11 , f 
meas_ 

quench. i eq ,s the average intensity of the light scattered from the same sZ Q 7 
ma.nta.ned at 20'C, after the elapse of at least a time t - ton lul ! ' 
As described more fu„y be.ow, teq is the -t^"tX^ 

va.ue of scattered .ight intensity 3 
The EB copolymers of the invention have a value of *n, ,=. 1 

zero for Sf, which means that the values for l~ °' Substantial, y 

J "'dime ya.ues tor l e q and l 0 are essentially eauivalent in 

omer words, the average intensity of the tight soattered from a solutic^ TtoTo 
weight percent of an EB copolymer of the invention In 81 50NL oil Tas^d Jl 
m a,n,a,n,ng the solution a, a temperature of 20X affer firs, ouenchZ Z a 
temperature of BOX or higher,does no, change over the etaosed time S^ng the 
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quench. In contrast. EB copolymers having a tendency to aggregate in mineral oil 
so.ut.ons have an Sf of greater than zero. For a solution comprising 1 to 10 weight 
percent of such an aggregating EB copolymer in S1 50NL oil, the average intensl of 
he hght scattered from the solution is greater for times t equal to or greater hanL 
following the quenching of the solution from 80'C or higher to 20'C than the averaoe 
mtens.ty immediately following the quench at time t = 0. 

*9"re1 provides a schematic comparison of the light scattering behavior of 
me EB copolymers of the invention with EB cooolymers which have Sf greater than 
zero Figure 1-A is a plot of the scattered light intensity in arbitrary units for a 
solufon o the inventive EB copolymer in S1 50NL mineral oil at 20'C as a function of 
the t,me e.apsed since the quench. While there are random fluctuations in the 
measured values of the scattered intensity due to background noise, the average 
scattered .ntensity does not change with elapsed time. Thus, l 0 = leq and Sf = 0 
Figure 1-B is a plot analogous to Figure 1-A. showing the scattered light intensity as 
a funct.cn of post-quench time for a so.ution of an EB copolymer having Sf greater 
man zero. For a re.atively short period of time immediately fo.lowing the quench he 
average scattered light intensity has a relatively low and constant value essTnta. v 
equal to lo. the intensity at time t = 0. There follows a time period in XX 
scattered light intensity measurably increases, shown in Figure 1-B as themterval nf 
time from f up to teq. For the times greater or equal to teq'the aver Z ^ ™ * 
•mens y has a relatively high and constant (or "equilibrium") value, equal to leq 
Thus, leq > lo. and Sf > 0. ™ 

As noted earlier, (he difference between the li 8 ht scattering behavior of the EB 
copolymers of the invention, which have S, = 0. and that of EB copolymers which 
have S, greater than zero is related to the degree of aggregation (aiio c^edsl 
assoaa^on, o, me copolymers in the S150NL mineral oil solution „ is knobby 
those skilled ,n the art of polymer light scattering that, for a constant intensity of lioh. 

and wh,ch has a fixed concentration (e.g.. a fixed weigh, of solute per volume of 
solution), the scattered light intensity measured e. a given scattering angle e 
increases as the molecular weight of the polymer increases. (See eo the 
discussion on pages 201-2(0 in Chapter 10 of Chu. Benjamin, Laser Light Scajterino 
Academic Press New York. 197,,. It is also known thai if the [ ndividua, po^T 
molecules ,n a d„u.e solution aggregate in the solution, the scattered light ~ of 
glutton wouid be higher for a given concentration than i, wouid be I the ab n» 
o the aggregation, due to the increase in the size of the scattering panicles or in 
other words due to an increase in the "apparent" molecular weight of ,he polymer 
Pamelas. (See. e.g.. Elias. H.-G.. 'The Study of Association end Aggregation Via 
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Light Scattering," Chapter 9 in Huglin, M.B., editor, Light Scattering from Pr>i Y m»r 
Solutions. Academic Press, New York, 1972). 

Values of teq for solutions of EB copolymers having Sf greater than zero is 
determinable from, and indeed fixed by, the plot of scattered light intensity versus 
5 time. In measuring lo and leq for these cases, the actual value of teq is used, teq is 
typically at least 5 minutes and generally no more than 15 to 20 minutes. In a typical 
experiment, the scattered light intensity is measured several times per minute for up 
to at least 60 to 120 minutes. Taking measurements for these extended periods of 
time insures that EB copolymers having unusually long teq's (e.g., 30 minutes) are 

10 not missed. On the other hand, for solutions of the EB copolymer of the invention, it 
is neither possible nor necessary to determine the actual value of teq from the plot of 
scattered light intensity versus post-quenching time, because the average scattering 
intensity does not change with time. Thus, in measuring leq here, any convenient, 
arbitrarily chosen value of teq may be used; e.g., 15 minutes. (Note, however, that 

is measurements should be taken for at least 30 minutes folowing the quench to insure 
the particular copolymer under test is not an aggregating copolymer with an unusually 
long teq.) 

Values for lo and leq may be measured using conventional elastic light 
scattering techniques, the practice of which has been described in a number of 

2 o publications including Huglin. M. B. , editor. Light Scatterino from Polvmar sm.^n* 

Academic Press, New York, 1972. For the purposes of this invention, the critical 
determination is whether or not a change occurs in the scattered light intensity, as 
defined by Sf in equation (I), as a function of time. Thus, it is not necessary to 
measure the scattering against a calibration standard or to otherwise determine the 
25 intensity in absolute terms. A preferred method of sample preparation involves 
adding to a suitable portion of S150NL mineral oil the amount of EB copolymer 
necessary to produce the desired concentration of the polymer in the oil (i.e., about 1 
to 1 0 weight percent, typically 5 weight percent), agitating the polymer-oil 
combination for several hours, and then heating the polymer-oil mixture to a 

3 o temperature of 80 to 30*C and maintaining the mixture at mat high temperature with 

occasional shaking until dissolution is complete. The solution is then maintained at 
80°C or higher for several more hours, and then filtered directly into the sample cell. 
The resulting dust-free solution still at 80"C or higher is then immediately quenched 
by placement in the sample holder, thermostatted at 20°C, of the light scattering 
3 5 photometer, and the scattering intensity from the solution is monitored as a function 
of time in the manner already described. 

Preferred EB copolymers of the invention may be further characterized by pour 
points of -30°C or less, as determined by ASTM Method No. D97, wherein the 
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measurements are made upon solutions comprising 2 weight percent of the EB 
copolymer of the invention and 0.2 weight percent of a conventional lube oil flow 
improver comprising a C8-C18 dialkyl fumarate-vinyl acetate copolymer in S150NL 
mineral lubricating oil. As. noted earlier, the pour point of an oil composition is the 
5 lowest temperature at which it will flow when chilled in a specific manner; here, the 
manner prescribed by ASTM Method No. D97. Desirable lubricating oil compositions 
typically have a relatively low pour point, typically -30°C or less. A requirement of 
any dispersant additive is that it not adversely affect (i.e., does not significantly 
increase) the pour point of the lubricating oil composition to which it is added. It has 

io been found that the pour point behavior of dispersant additives is largely determined 
by the pour point behavior of the polymer from which they are derived. More 
particularly, it has been found that, if an EB copolymer in solution exhibits a pour 
point of -30°C or less, as determined according to ASTM Method No. D97, the 
addition to a lubricating oil composition of an effective amount of a dispersant 

15 additive produced by the functionalization and/or derivatization, as hereinafter 
described, of the EB copolymer does not significantly alter the pour point of the 
Composition. 

Among the factors implicated in pour point performance are the ethylene 
content and the number average molecular weight of the polymer. Figure 2 plots the 

2 o pour points, measured according to ASTM Method No. D97, of a series of EB 

copolymers having ethylene contents ranging from 15 to 62 wt.% and number 
average molecular weights ranging from 1.627 to 12,432. These copolymers, some 
within the scope of the present invention and some not, were all prepared using the 
catalysts and processes as generally described hereinafter ("Preparation of the 
25 Ethylene-1-Butene Copolymer"). The data for the Figure are taken from Table IV of 
the Examples; each circle diameter is proportional to the number average molecular 
weight of the sample (sample number of Table IV). Based on these data, an EB 
copolymer which has an ethylene content of less than 50 weight percent and an M n 
of up to 7,500 can be expected to have acceptable pour point behavior. Additionally, 

3 0 a pciymer which has an ethylene content above 60 weight percent and M n above 

10.000 can be expected to have unacceptable pour point behavior. However, the 
?our point behavior of polymers having ethylene contents in the range from 50 to 60 
wt.% appear to be unpredictable. For example, polymer sample number 16 (51 wt.% 
ethylene and M n = 2,844) has a pour point of -36°C, but polymer sample number 15 
3 5 (50 wt. % ethylene and M n = 3,370) has a pour point of -1 8°C. Thus, it is believed 
that the 50-60 wt.% range of ethylene content represents a discontinuous transitional 
range, wherein it is possible to achieve good pour point behavior, but not on a 
predictable basis. 
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rn view of Figure 2, the advantages of the EB copolymers of the present 
invention over other EB copolymers depend to a degree upon the ethylene content 
and/or M n of the other polymers. The present invention is directed to EB copolymers 
which have an ethylene content of not greater than 50 wt.%, a number average 
molecular weight of up to 7,500. and a tendency not to form aggregates in mineral oil 
solutions, as indicated by an Sf value of zero. The advantage of the EB copolymers 
of the present invention over EB copolymers which have ethylene contents above 50 
wt.% (regardless of M n ) is the predictably acceptable pour point performance of the 
inventive copolymer. The advantage of the EB copolymers of the present invention 
over other EB copolymers which have ethylene contents below 50 wt% and M n up to 
7,500 (and thus acceptable pour points) is the absence of aggregation in mineral oil 
solutions of the inventive copolymer. It is believed that this absence of aggregation 
exhibited by the EB copolymers of the present invention generally results in more 
predictable and less adverse interactions between the copolymers (and their 
functionalized and derivatized counterparts) and the mineral oil (e.g., interactions with 
the wax component of the mineral oil), relative to EB copolymers having ethylene 
contents and number average molecular weights in the same range, but exhibiting 
aggregation, as indicated by their non-zero Sf values. 

The EB copolymers of the invention preferably also have an average ethylene 
sequence length (ESL) of from 1 to 2.50. ESL is the ratio of the total number of 
ethylene units in the copolymer chains to the total number of discrete ethylene 
sequences in the copolymer chains, as given by the following equation (II): 

ESL = (X EEE + X BEE+ EEB + X B EB V(XBEB + °-5*X BEE+EEB ) " (||) 

wherein X EEE is the mole fraction of ethylene-ethylerte-ethylene triad sequences in 
the copolymer; X BEE+EEB is the mole fraction of butene-ethylene-ethylene and 
ethylene-ethylene-butene triad sequences; and X BEB is the mole fraction of butene- 
ethylene-butene triad sequences. The ESL value is an index reflecting the 
distribution of the units derived from ethylene in the ethylene-1-butene copolymer ' 
chains. As the value for ESL increases for a given EB copolymer of fixed ethylene 
content, the number of isolated ethylene units in the chains declines, and. 
concomitantly, the number of ethylene units per ethylene sequence increases. 
Naturally, as the ethylene content increases in an EB copolymer containing even a 
random distribution of ethylene units, the general tendency is to obtain increased ESL 
values. As per equation (II). the ESL value of an EB copolymer can be calculated 
from X EEE . X BEE+EEB , and X B £ B . which are determined from the polymer's C-13 
NMR spectrum, using the methods described in, for example. Randall, James C. • 
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Journal of Macromolecular Science - Reviews of Macromolecular Chemistry and 
Physics, C29, 201-317 (1989). 

The copolymers of this invention preferably also have a molecular weight 
distribution (MWD), defined as the ratio of the weight average molecular weight (Mw) 
to the number average molecular weight (i.e. , MWD = MWM n ). of less than 5 
preferably less than 4, and most preferably less than 3. More specifically, the 
copolymers have a molecular weight distribution of from 1.0 to 3.5, and most 
preferably from 1 :1 to 3. Both Mn and Mw can be determined by the technique of gel 
permeation chromatography (GPC) with a suitable calibration curve, from which MWD 
can be readily obtained. M n and MWD for ethylenes-olefin copolymers, for example 
can be obtained using calibration curves based upon polydisperse ethylenes-olefin ' 
copolymers having ethylene contents similar to that of the samples under test. For a 
description of the determination of Mn and MWD using GPC (also known as size 
exclusion chromatography), see W. W. Yau. J. J. Kirkland and D. D. Bly, "Modern 
Size Exclusion Liquid Chromatography, John Wiley and Sons, New York 1979 M n 
can alternatively be determined for certain polymers such as ethylene-a-o'lefin 
copolymers from either their proton- or carbon-13 NMR spectra obtained in solution 
using conventional analytical techniques known to those skilled in the art. See, for 
example, "C13-NMR in Polymer Quantitative Analyses," J. C. Randall and E. T. 
Hiseh> in: NMR and Macromolecules Se q uence. Dynamic and Dnm a in 
ACS Symposium Series No. 247. 131-151 (American Chemical Society, 1984). 

Preparation of the Fthvl ene-1-Butpne Copolymer 

Ethylene-1-butene copolymers of the present invention which have a relatively 
h.gh degree of terminal ethylvinylidene unsaturation can be prepared by polymerizing 
monomer mixtures comprising ethylene and 1 -butene in the presence of a catalyst 
system comprising at least one metallocene (e.g.. a cyclopentadienyl-transition metal 
compound) and preferably an activator, e.g., an alumoxane compound. The term 
metsllocene refers to compounds containing a coordination bond between a transition 
metal and at least one cyclopentadiene ring structure. The term cyclopentadiene ring 
structure includes saturated or unsaturated polycyclic structures such as indenyl and 
fluorenyl which incorporate a f.ve-membered ring. The co-monomer content can be 
controlled through the selection of the metallocene catalyst component and by 
controlling the relative proportions of the ethylene and 1 -butene. The preferred 
method and catalysts for preparing the EB copolymers are disclosed in commonly 
assigned copending U.S. Serial No.992,690, filed December 17, 1992 (Docket No 
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PT-937), entitled "Dilute Feed Process for the Polymerization of Ethylene-a-Olefin 
Copolymer Using Metallocene Catalyst System." 

The catalyst is preferably a bulky ligand transition metal compound. The bulky 
ligand may contain a multiplicity of bonded atoms, preferably carbon atoms, forming a 
group which may be cyclic with one or more optional heteroatoms. The bulky ligand 
may be a cyclopentadienyl derivative which can be mono- or polynuclear. One or 
more bulky ligands may be bonded to the transition metal atom. The transition metal 
atom may be a Group IV, V or VI transition metal ("Group" refers to an identified 
group of the Periodic Table of Elements, comprehensively presented in "Advanced 
Inorganic Chemistry," FA Cotton, G. Wilkinson, Fifth Edition, 1988, John Wiley & 
Sons). Other ligands may be bonded to the transition metal, preferably detachable by 
a cocatalyst such as a hydrocarbyl or halogen leaving group. The catalyst is 
derivable from a compound of the formula 
IL]mM[X] n 

wherein L is the bulky ligand, X is the leaving group, M is the transition metal and m 
and n are such that the total ligand valency corresponds to the transition metal 
valency. Preferably the catalyst is four coordinate such that the compound is 
ionizable to a 1 + valency state 

The ligands L and X may be bridged to each other and if two ligands L and/or 
X are present, they may be bridged. The metallocenes may be full-sandwich 
compounds having two ligands L which are cyclopentadienyl groups or half-sandwich 
compounds having one ligand L only which is a cyclopentadienyl group. 

For the purposes of this patent specification the term "metallocene" is defined 
to contain one or more cyclopentadienyl moiety in combination with a transition metal 
of the Periodic Table of Elements. In one embodiment the metallocene catalyst 
component is represented by the general formula (Cp) m MR n R' p wherein Cp is a 
substituted or unsubstituted cyclopentadienyl ring; M is a Group IV. V or VI transition 
metal; R and R* are independently selected halogen, hydrocarbyl grcup, or 
hydrocarboxyl groups having 1-20 carbon atoms; m = 1-3, n = 0-3, p = 0-3, and the 
sum of m * n + p equals the oxidation state of M. In another embodiment the " 
metallocene catalyst is represented by the formulas: 

(C5R , m)pR"s(C5R , m)MeQ 3 _p_ x and 
R "s(C5R'm)2MeQ' 

wherein Me is a Group IV, V. or VI transition metal C 5 R' m is a substituted 
cyclopentadienyl each R\ which can be the same or different is hydrogen, alkenyl aryl 
alkaryl or arylalkyl radical having from 1 to 20 carbon atoms or two carbon atoms 
joined together to form a part of a C 4 to C 6 ring, R" is one or more of or a 
combination of a carbon, a germanium, a silicon, a phosphorous or a nitrogen stem 
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containing radical substituting on and bridging two CsR' m rings or bridging one 
c 5 R 'm rin 9 back to Me, when p = 0 and x = 1 otherwise x is always equal to 0, each 
Q which can be the same or different is an aryl alkyl, alkenyl, alkaryl, or arylalkyl 
radical having from 1 to 20 carbon atoms or halogen, Q' is an alkylidene radical 
5 having from 1 to 20 carbon atoms, s is 0 or 1 and when s is 0, m is 5 and p is 0, 1 or 2 
and when s is 1, m is 4 and p is 1. 

Various forms of the catalyst system of the metallocene type may be used in 
the •polymerization process of this invention. Exemplary of the development of 
metallocene catalysts in the art for the polymerization of ethylene is the disclosure of 
io US. Patent No. 4,871 ,705 to Hoel, U.S. Patent No. 4,937.299 to Ewen, et at. and EP- 
A-0 129 368 published July 26, 1989, and U.S. Patent Nos. 5,017,714 and 5,120,867 
to Welborn, Jr. These publications teach the structure of the metallocene catalysts 
and include alumoxane as the cocatalyst. There are a variety of methods for 
preparing alumoxane, one of which is described in US. Patent 4,665,208. 

For the purposes of this patent specification, the terms "cocatalysts or 
activators" are used interchangeably and are defined to be any compound or 
component which can activate a bulky ligand transition metal compound. In one 
embodiment the activators generally contain a metal of Group II and III of the Periodic- 
table of Elements. In the preferred embodiment, the bulky transition metal 
compound are metallocenes, which are activated by trialkylaluminum compounds, 
alumoxanes both linear and cyclic, or ionizing ionic activators or compounds such as 
tri (n-butyl) ammonium tetra (pentafluorophenyl) boron, which ionize the neutral 
metallocene compound.' Such ionizing compounds may contain an active proton, or 
some other cation associated with but not coordinated, or only loosely coordinated to 
25 the remaining ion of the ionizing ionic compound. Such compounds are described in 
EP-A-0520 732, EP-A-0 277 003 and EP-A-0 277 004 published August 3, 1988 and 
U.S. Patent Nos. 5.153.157; 5.198.401 and 5.241,025. Further, the metallocene 
catalyst component can be a monocyclopentadienyl heteroatom containing 
compound. This heteroatom is activated by either an alumoxane or an ionic activator 
3 0 to form an active polymerization catalyst system to produce polymers useful in this 
invention. These types of catalyst systems are described in, for example, PCT 
International Publication WO 92/00333 published January 9, 1992, U.S. Patent Nos. 
5.057.475; 5.096,867; 5,055.438 and 5.227.440 and EP-A-0 420 436. WO 91/ 04257. 
In addition, the metallocene catalysts useful in this invention can include non- 
3 5 cyclopentadienyl catalyst components, or ancillary ligands such as boroles or 

carbollides in combination with a transition metal. Additionally, it is not beyond the 
scope of this invention that the catalysts and catalyst systems may be those 
described in U.S. Patent No. 5.064.802 and PCT publications WO 93/08221 and WO 
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93/08199 published April 29, 1993. All the catalyst systems of the invention may be, 
optionally, prepolymerized or used in conjunction with an additive or scavenging 
component to enhance catalytic productivity. 

Polymerization is generally conducted at temperatures of from 20 e to 300 e C 
preferably from 30 e to 200°C. Reaction time is not critical and may vary from several 
hours or more to several minutes or less, depending upon factors such as reaction 
temperature and the like. One of ordinary skill in the art may readily obtain the 
optimum reaction time for a given set of reaction parameters by routine 
experimentation. The catalyst systems described herein are suitable for the 
polymerization of ethylene and 1-butene in solution over a wide range of pressures. 
The polymerization can be completed at a pressure of from 10 to 3,000 bar. After 
polymerization and, optionally, deactivation of the catalyst (e.g., by conventional 
techniques such as contacting the polymerization reaction medium with water or an 
alcohol, such as methanol, propanol, isopropanol, etc.. or cooling or flashing the 
medium to terminate the polymerization reaction), the product polymer can be 
recovered by processes well known in the art. Any excess reactants may be flashed 
off from the polymer. 

The polymerization may be conducted employing liquid 1-butene as the 
reaction medium. Alternatively, polymerization may be accomplished in the presence 
of a hydrocarbon inert to the polymerization such as butane, isobutane. pentane, 
isopentane, hexane, isooctane, decane. toluene, xylene, and the like. The 
feedstream containing the 1-butene reactant may optionally contain certain amounts 
of other C4 hydrocarbons. More particularly, the feedstream can comprise less than 
5 weight percent isobutylene, at least 12 weight percent total n-butefVes (i.e., 
1-butene and 2-butene), and less than 1 weight percent butadiene, together with n- 
butane and isobutane. When used to prepare the EB copolymer, a preferred C4 
feedtream comprises spent C4 streams produced as by-product in the manufacture of 
polyisobutylene. wherein the C4 feedstream (often referred to as Raffmate II) 
contains less than 5 weight percent isobutylene, 1 0 to 70 weight percent saturated 
butanes and 1 5 to 35 weight percent 1 -butane and 2-butene. The saturated Duianes 
function as a diluent or solvent in the reaction mixture. Typically the C4 feedstream is 
maintained at a sufficient pressure to be in the liquid form both at the reactor inlet and 
in the reaction mixture itself at the reaction temperature. The polymers are preferably 
formed in the substantial absence of added H2 gas. that is, the absence of H2 gas 
added in amounts effective to substantially reduce the polymer molecular weight. 
More preferably, the polymerizations will be conducted employing less than 5 wppm 
and more preferably less than 1 wppm, of added H 2 gas. based on the moles of the ' 
ethylene monomer charged to the polymerization zone. 
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When carrying out the polymerization in a batch-type fashion, the reaction 
diluent (if any), ethylene and 1-butene comonomer are charged at appropriate ratios 
to a suitable reactor. Care must be taken that all ingredients are dry, with the 
reactants typically being passed through molecular sieves or other drying means prior 
5 to their introduction into the reactor. Subsequently, either the catalyst and then the 
cocatalyst, or first the cocatalyst and then the catalyst are introduced while agitating 
the reaction mixture, thereby causing polymerization to commence. Alternatively, the 
catalyst and cocatalyst may be premixed in a solvent and then charged to the reactor. 
As polymer is being formed, additional monomers may be added to the reactor. Upon 
10 completion of the reaction, unreacted monomer and solvent are either flashed or 
distilled off, if necessary by vacuum, and the low molecular weight copolymer 
withdrawn from the reactor. 

The polymerization may be conducted in a continuous manner by 
simultaneously feeding the reaction diluent (if employed), monomers, catalyst and 
15 cocatalyst to a reactor and withdrawing solvent, unreacted monomer and polymer 
from the reactor so as to allow a residence time of ingredients long enough for 
forming polymer of the desired molecular weight and separating the polymer from the 
reaction mixture. 

Employing a metallocene-alumoxane catalyst in accordance with the 

2 o procedures and under the conditions as described above can produce an ethylene-1 - 

butene copolymer having an ethylvinylidene group terminating at least about 30% of 
all polymer chains. However, these procedures alone do not ensure that the resulting 
EB copolymer has the requisite Sf value of about zero, the property which determines 
the polymer of this invention to be suitable for use as a backbone for lubricating oil 

25 dispersant additives. To produce the EB copolymers of the invention, the following 
catalysts, procedures and conditions are preferred. Illustrative of the most preferred 
catalysts are 1,1-dimethylsilyl-bridged bis(4,5,6,7-tetrahydroindenyl)zirconium 
dichloride and 1.1-dimethylsilyl-bridged bis(methylcyclopentadienyl)zirconium 
dichloride. The polymerization is preferably conducted using either liquid 1-butene or 

20 a mixture of liquid 1 -butene in an inert hydrocarbon solvent or diluent at a 

temperature ranging from 50° to 200°C and a pressure from 10 to 100 bar. preferably 
from 1 0 to 30 bar. When a solvent/diluent is employed, it is preferably a C4 
hydrocarbon (i.e.. n-butane, isobutane, or mixtures thereof). The 1-butene feed may 
also contain the kinds and amounts of other C4 hydrocarbons earlier discussed. The 

3 5 ethylene and 1 -butene, whether as a liquid or mixed with a solvent/diluent, may be 

fed to the reactor as separate streams or as a single, pre-mixed stream. In either 
case, the ethylene content of the resulting polymer is controlled in part by the weight 
percent ethylene content, based upon the total weight of monomer, entering the 
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reactor. The EB copolymer typically contains from .1 to 50 weight percent ethylene. 
The amount of ethylene incorporated into the EB copolymer depends upon the 
particular reaction conditions employed and the catalyst system selected. For a given 
set of conditions and a given catalyst system, the amount of ethylene required to 
5 provide an EB copolymer with a particular ethylene content can be readily determined 
by those skilled in the art without undue experimentation. 

While conducting the polymerization, there is preferably sufficient mixing of the 
ethylene and 1 -butsne monomers in the reactor in order to avoid the production of 
ethylene homopolymer and to avoid the production of EB copolymers with Sf values 

10 greater than zero. More particularly, it is preferred that ethylene monomer and 
1-butene monomer together enter a turbulent zone inside the reactor. This can be 
accomplished in a stirred reactor, for example, by placing all of the all monomer feed 
inlets near to each other and near the impeller blade. Mixing is also facilitated by the 
use of a dilute pre-mixed feed as described in U.S. Serial No. 992,690. Sufficient 

15 mixing in the reactor promotes the random incorporation of ethylene units in the 
growing polymer chains, resulting in EB copolymers of relatively homogeneous 
composition (both inter-chain and intra-chain) and relatively short sequences of 
ethylene (i.e., low ESL values), compared to analogous EB copolymers produced 
without such mixing. It is believed that the reason the EB polymers of the invention 

2 o have Sf values of zero is that the copolymer molecules contain relatively few 

crystalline-like, long ethylene sequences capable of acting as sites for aggregation. 
Sufficient mixing, thus, reduces the probability that sites for aggregation will form in 
the polymer molecules. Effective mixing is especially important to the production of 
EB copolymers of the invention having high ethylene content (i.e., above 35 weight 

25 percent), because, without such mixing, the resulting EB copolymers would tend to 
have sufficient ethylenic crystallinity in the copolymer molecules, as manifested by 
ESL values above 2.50, to exhibit Sf values above zero. With a preferred catalyst 
employed in accordance with the procedures and conditions as just described an EB 
copolymer of the invention is produced; i.e., an EB copolymer which has an Sf value 

30 of zero and an ethyivinyiidene group terminating at ieast 30% of all polymer chains. 
The polymers produced in accordance with the present invention can be 
functionalized, i.e., chemically modified, to have at least one functional group present 
within its structure, which functional group is capable of: (1 ) undergoing further 
chemical reaction (e.g. derivatization) with other material/or (b) imparting desirable 

3 5 properties, not otherwise possessed by the polymer alone, absent such chemical 

modification. The functional group can be incorporated into the backbone of the 
polymer, or can be attached as a pendant group from the polymer backbone. The 
functional group typically will be polar and contain hetero atoms such as P, O, S. N. 
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halogen and/or boron. It can be attached to the saturated hydrocarbon part of the 
polymer via substitution reactions or to an olefinic portion via addition or cycloaddition 
reactions. Alternatively, the functional group can be incorporated into the polymer by 
oxidation or cleavage of a small portion of the end of the polymer (e.g. as in 
5 ozonolysis). 

Functionalization of the polymer backbone with substituent functional groups 
typically relies on an ethylenic unsaturation, preferably a terminal ethylenic 
unsaturation, present in the polymer for reaction with a functional compound 
containing or constituting the functional group. Thus, reaction of these functional 
compounds and the polymer can occur through a variety of mechanisms. Useful and 
preferred functional groups include halogen, carboxyl materials present as acids, 
esters, salts, or anhydrides, alcohols, amines, ketones, aldehydes and the like. 

Useful functionalization reactions include: maleation, which is the reaction of 
the polymer at the point of unsaturation with maleic acid or anhydride (an example of 
acyl functionalization); halogenation of the polymer at the olefinic bond and 
subsequent reaction of the halogenated polymer with an ethylenically unsaturated 
Junctional compound; reaction of the polymer with an unsaturated functional 
compound by the "ene" reaction absent halogenation; reaction of the polymer with at 
least one phenol group; (this permits derivatization in a Mannich Base-type 
condensation); reaction of the polymer at its point of unsaturation with carbon 
monoxide using a Koch-type reaction wherein an add group such as an iso acid or 
neo acid is formed; reaction of the polymer with the functional compound by free 
radical addition using a free radical catalyst; and reaction of the polymer by air 
oxidation methods, epoxidation, chloroamination or ozonolysis. Each of these 
functionalization reactions is well known to those skilled in the art. 

Characterization of the degree to which the polymer has been functionalized is 
referred to herein as "functionality". Functionality refers generally to the average 
number of functional groups present within the polymer structure per polymer chain. 
Thus, functionality can be expressed as the average number of moles of functional 
groups per "mole of polymer". When said "mole of polymer" in the functionality ratio 
includes both functionalized and unfunctionalized polymer, functionality is' referred to 
herein as F. When said "mole of polymer" includes only functionalized polymer, 
functionality is referred to herein as F* Typical analytical techniques employed to 
determine F* will normally necessitate identification of the weight fraction of 
functionalized polymer, based on the total weight of polymer (functionalized + 
unfunctionalized) in the sample being analyzed for functionality. This weight fraction 
is commonly referred to as Active Ingredient or Al. Since the determination of Al is a 
separate analytical step, it can be more convenient to express functionality as F 
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rather than F* In any event, both F and F* are alternate ways of characterizing the 
functionality. 

The particular functionality selected, for polymer intended to be derivatized, 
will depend on the nature of the derivatization reactions and type and number of ' 
chemical linkages established by the derivatizing compound. In most instances, one 
derivatizing linkage will be formed for each functional group, e.g., each carboxy ' 
functional group will form 1 ester linkage. However, certain functional groups are 
capable of not only acting individually tc form a single derivatizing linkage, but also 
collectively such that two functional groups form a single derivatizing linkage. For 
example, where two carboxy groups form an anhydride group and the derivatizing 
group is a primary amine it is possible to form, inter-alia, two amide linkages or one 
imide linkage. Thus, while the anhydride group contains two carboxy functional 
groups, the chemical effect obtainable therefrom when both functional groups react, 
depends on the number of derivatizing linkages achieved. Accordingly, for purposes 
of the present invention, when functionality is reported in the context of describing 
functionalized polymer intended for derivatization, and the subject functional groups 
are capable of forming less than one derivatizing linkage per functional group, such 
functionality is to be interpreted as representing the average number of derivatizing 
linkages to be produced per polymer chain. Thus, where the derivatizing linkage is to 
be an imide, and the functional groups are anhydride carboxy groups, a functionality 
of "2" is intended to represent "2" derivatizing imide linkages and consequently, in 
effect, an average of two anhydride groups per polymer chain (rather than two ' 
carboxy functional groups) since each anhydride will form one derivatizing imide 
linkage. However, where the derivatizing linkage is to be an amide, and the 
functional groups are anhydride carboxy groups, a functionality of "2" represents "2" 
amide derivatizing linkages and consequently, in effect, a single anhydride group 
since one anhydride will form two amide derivatizing linkages. 

Accordingly, while any effective functionality can be imparted to the 
functionalized polymer intended for subsequent derivatization, it is contemplated thai 
such functionalities, expressed as F*. can be. for dispersant end uses, typically not 
greater than 3, preferably not greater than 2. and typically can range from 1 to 3, 
preferably from 1.5 to 2.5, and most preferably from 1.1 to 2 (e.g. 1.2 to 1.3). F and 
F* values can be related using the A.I., which for polymers of the present invention 
typically are at least .50. preferably from .65 to .99. more preferably from .75 to .99. 
yet more preferably .85 to .99. However, the upper limit of Al. is typically from 0.90 
to 0.99, and more typically 0.90 to 0.95. Where A.I. is 1 .0, F = F*. 

As indicated above, a functionalized polymer is one which is chemically 
modified primarily to enhance its ability to participate in s wider variety of chemical 
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reactions than would otherwise be possible with the afunctional ized polymer. In 
contrast, a derivatized polymer is one which has been chemically modified to perform 
one or more functions in a significantly improved way relative to the unfunctionalized 
polymer and/or the functionalized polymer. Representative of such functions, are 
dispersancy and/or viscosity modification in lubricating oil compositions. Typically, 
derivatization is achieved by chemical modification of the functionalized polymer by 
reaction with at least one derivatizing compound to form derivatized polymers. The 
derivatizing compound typically contains at least one reactive derivatizing group 
capable of reacting with the functional groups of the functionalized polymers, for 
example, by nucleophilic substitution, Mannich Base condensation, 
transesterification, salt formations, and the like. The derivatizing compound 
preferably also contains at least one additional group suitable for imparting the 
desired properties to the derivatized polymer, e.g., polar groups. Thus, such 
derivatizing compounds typically will contain one or more groups including amine, 
hydroxy, ester, amide, imide, thio, thioamido, oxazoline or salt groups derived from 
reactive metal or reactive metal compounds. Thus, the derivatized polymers can 
include the reaction product of the above recited functionalized polymer with a 
nucleophilic reactant, which includes, amines, alcohols, amino-alcohols and mixtures 
thereof, to form oil soluble salts, amides, imides, oxazoline, reactive rnetal 
compounds and esters of mono- and dicarboxylic acids, esters or anhydrides. 
Suitable properties sought to be imparted to the derivatized polymer include 
especially dispersancy, but also multifunctional viscosity modification, antioxidancy, 
friction modification, antiwear, antirust, seal swell, and the like. 

Ash-producing detergents can be made using the functionalized polymers of 
the present invention as exemplified by oil-soluble neutral and basic salts of alkali or 
alkaline earth metals with alkyl phenols, alkyl sulfonic acids, carboxylic acids, or 
organic phosphorus acids characterized by at least one direct carbon-to-phosphorus 
linkage such as those prepared from the functionalized olefin polymer of the present 
invention (e.g., functionalized polymer having a molecular weight of 1,500) with a 
phosphcrizing agent such as phosphorus trichloride, phosphorus heptasulfide, 
phosphorus pentasulfide, phosphorus trichloride and sulfur, white phosphorus and a 
sulfur halide, or phosphorothioic chloride. The most commonly used salts of such 
acids are those of sodium, potassium, lithium, calcium, magnesium, strontium and 
barium. The alkyl groups of the above acids or compounds constitute the polymer of 
the present invention. Preferred ash-producing detergents which can be derived from 
the functionalized polymers of the present invention include the metal salts of alkyl 
sulfonic acids, alkyl phenols, sulfurized alkyl phenols, alkyl salicylates, alkyl 
naphthenates and other oil soluble mono- and dicarboxylic acids. Highly basic (viz, 
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overbased) metal salts, such as highly basic alkaline earth metal alkyl sulfonates 
(especially Ca and Mg salts) are frequently used as detergents. 

The derivatized polymer compositions of the present invention, can be used as 
ashless dispersants in lubricant and fuel compositions. Ashless dispersants are 
referred to as being ashless despite the fact that, depending on their constitution, the 
dispersants may, upon combustion, yield a non-volatile material such as boric oxide 
or phosphorus pentoxide. The compounds useful as ashless dispersants generally 
are characterized by a "polar" group attached to a relatively high molecular weight 
hydrocarbon chain supplied by the polymer of the present invention. The "polar" 
group generally contains one or more of the elements nitrogen, oxygen and 
phosphorus. The solubilizing chains are generally higher in molecular weight than 
those employed with the metallic based dispersants. but in some instances they may 
be quite similar. Various types of ashless dispersants can be made by derivatizing 
the polymer of the present invention and are suitable for use in the lubricant 
compositions. The following are illustrative: 

1 . Reaction products of functionalized polymer of the present invention 
derivatized with nucleophilic reagents such as amine compounds, e.g. nitrogen- 
containing compounds, organic hydroxy compounds such as phenols and alcohols, 
and/or basic inorganic materials. More specifically, nitrogen- or ester-containing 
ashless dispersants comprise members selected from the group consisting of oil- 
soluble salts, amides, imides, oxazolines and esters, or mixtures thereof, of the 
polymer of the present invention, functionalized with mono- and dicarboxylic acids or 
anhydride or ester derivatives thereof, said polymer having dispersant range 
molecular weights as defined hereinabove. At least one functionalifed polymer is 
mixed with at least one of amine, alcohol, including polyol, aminoalcohol, etc., to form 
the dispersant additives. One class of particularly preferred dispersants includes 
those derived from the polymer of the present invention functionalized mono- or 
dicarboxylic acid material, e.g. succinic anhydride, and reacted with (i) a hydroxy 
compound, e.g. pentaerythritol, (ii) a polyoxyalkylene polyamine, e.g. 
polycxypropylene diamine, and/or (Hi) a poiyalkylens polyamine, e.g., polyethylene 
diamine or tetraethylene pentamine referred to herein as TEPA Another preferred 
dispersant class includes those derived from functionalized polymer reacted with (i) a 
polyalkylene polyamine, e.g. tetraethylene pentamine, and/or (ii) a polyhydric alcohol 
or polyhydroxy-substituted aliphatic primary amine, e.g., pentaerythritol or 
trismethytolaminomethane. 

2. Reaction products of the polymer of the present invention functionalized 
with an aromatic hydroxy group and derivatized with aldehydes (especially 
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formaldehyde) and amines (especially polyalkylene polyamines), through the 
Mannich reaction, which may be characterized as "Mannich dispersants". 

3. Reaction products of the polymer of the present invention which have 
been functionalized by reaction with halogen and then derivatized by reaction with 
5 amines (e.g. direct amination), preferably polyalkylene polyamines. These may be 
characterized as "amine dispersants" and examples thereof are described, for 
example, in U.S. Patent Nos. 3,275,554; 3,438,757; 3,454,555; 3,565,804;' 3,755,433; 
3,822,209 and 5,084,197. 



io Useful amine compounds for derivatizing functionalized polymers comprise at 

least one amine and can comprise one or more additional amines or other reactive or 
polar groups. Where the functional group is a carboxylic acid, ester or derivative 
thereof, it reacts with the amine to form an amide. Where the functional group is an 
epoxy it reacts with the amine to form an amino alcohol. Where the functional group 

15 is a halide the amine reacts to displace the halide. Where the functional group is a 
carbonyl group it reacts with the amine to form an imine. Amine compounds useful as 
nucleophilic reactants for reaction with the functionalized polymer of the present 
invention include those disclosed in U.S. Patent Nos. 3,445,441, 5,017,299 and 
5,102,555. Preferred amine compounds include mono- and (preferably) polyamines, 

2 0 of 2 to 60, preferably 2 to 40 (e.g. 3 to 20), total carbon atoms of 1 to 12, preferably 3 

to 12, and most preferably 3 to 9 nitrogen atoms in the molecule. These amines may 
be hydrocarbyl amines or may be hydrocarbyl amines including other groups, e.g., 
hydroxy groups, alkoxy groups, amide groups, nitriles, imidazoline groups, and the 
like. Hydroxy amines with 1 to 6 hydroxy groups, preferably 1 to 3 hydroxy groups, 
25 are particularly useful. Preferred amines are aliphatic saturated amines. 

The functionalized polymers, particularly acid functionalized polymers, of the 
present invention can be reacted with alcohols, e.g. to form esters. The alcohols may 
be aliphatic compounds such as monohydric and polyhydric alcohols or aromatic 
compounds such as phenols and naphthols. The esters may be prepared, for 

3 0 example, by reacting a suitable sicohoi or phenol with the add or anhydride ^.e., 

functionalized polymer succinic anhydride). Ester derivatives likewise may be 
obtained by the reaction of a acid functionalized polymer with epoxide or a mixture of 
an epoxide and water. Such reaction is similar to one involving the acid or anhydride 
with a glycol. For instance, the product may be prepared by the reaction of 
35 functionalized polymer with alkylene oxide to yield half-esters, monoesters or 
diesters. In lieu of the acid functionalized polymer, a polymer functionalized with 
lactone acid or an acid halide may be used in the processes illustrated above for 
preparing the ester derivatives of this invention. Such acid halides may be acid 
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dibromides, acid dichiorides. acid monochlorides. and acid monobromides. The 
derivative compositions produced by reacting functionalized polymer with alcohols 
are esters including both acidic esters and neutral esters. Acidic esters are those in 
which less than all of the functional groups in functionalized polymer are esterified, 
5 and hence possess at least one free functional group. Obviously, acid esters are 
easily prepared by using an amount of alcohol insufficient to esterify all of the 
functional groups in the functionalized polymer. 

Procedures are well known for reacting high molecular weight carboxylic acids 
with alcohols to produce acidic esters and neutral esters. These same techniques 
are applicable to preparing esters from the functionalized polymer of this invention 
and the alcohols described above. All that is required is that the functionalized 
polymers of this invention be substituted for the high molecular weight carboxylic 
acids discussed in these patents, usually on an equivalent weight basis. The 
following U.S. Patents disclose suitable methods for reacting the functionalized 
polymers of this invention with the alcohols described above: U.S. Patent Nos. 
3,331,776; 3,381,022; 3,522,179; 3,542,680; 3.697,428 and 3,755,169. 

The hydroxy aromatic functionalized polymer aldehyde/amino condensates 
useful as ashless dispersants in the compositions of this invention include those 
generally referred to as Mannich condensates. Generally they are made by reacting 
simultaneously or sequentially at least one active hydrogen compound such as a 
hydrocarbon-substituted phenol (e.g., hydroxy aromatic functionalized polymer of the 
present invention), having at least one hydrogen atom bonded to an aromatic carbon, 
with at least one aldehyde or aldehyde-producing material (typically formaldehyde 
precursor) and at least one amino or polyamino compound having aUeast one NH 
group. Preferred phenolic compounds include the hydroxy aromatic functionalized 
polymer and useful amine compounds are well known and referred to above. The 
amine compounds include primary or secondary monoamines having hydrocarbon 
substituents of 1 to 30 carbon atoms or hydroxyl -substituted hydrocarbon substituents 
of 1 to about 30 carbon atoms. Another type of typical amine compound are the 
polyamines. The materials described in the following patents are illustrative of 
Mannich dispersants: U.S. Patent Nos. 3.413.347; 3,697,574; 3.725.277; 3.725,480; 
3,726,882; 4.454.059 and 5,102.566. 

A useful group of Mannich Base ashless dispersants are those formed by 
condensing phenol functionalized polymer with formaldehyde and polyethylene 
amines, e.g., tetraethylene pentamine, pentaethylene hexamine, polyoxyethylene and 
polyoxypropylene amines, e.g., polyoxypropylene diamine and combinations thereof. 
One particularly preferred dispersant comprises a condensation of (A) phenol 
functionalized polymer, (B) formaldehyde. (C) a polyoxyalkylene polyamine, e.g.. 
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polyoxypropylene diamine, and (D) a polyalkyiene poiyamine, e.g. polyethylene 
diamine and tetraethylene pentamine, using about 2 to about 8 moles each of (8) and 
about 1 to about 4 moles of (C) or (D) per mole of (A). 

A useful class of nitrogen-containing condensation products for use in the 
5 present invention are those made by a ^-step process" as disclosed in U.S. Patent 
No. 4,273,891. Briefly, these nitrogen-containing condensates are made by (1) 
reacting at least phenol functionalized polymer of the present invention with a lower 
aliphatic C-| to C7 aldehyde or reversible polymer thereof in the presence of an 
alkaline reagent, such as an alkali metal hydroxide, at a temperature up to about 

10 150°C; (2) substantially neutralizing the intermediate reaction mixture thus formed; 
and (3) reacting the neutralized intermediate with at least one compound which 
contains an amino group having at least one -NH- group. These 2-step condensates 
can be made from (a) phenol functionalized polymer and (b) formaldehyde, or 
reversible polymer thereof, (e.g., trioxane, paraformaldehyde) or functional equivalent 

15 thereof, (e.g., methyiol) and (c) an alkylene polyamine such as ethylene polyamines 
having between 2 and 1 0 nitrogen atoms. 

Condensates made from sulfur-containing reactants also can be used in the 
compositions of the present invention. Such sulfur-containing condensates are 
described in U.S. Patent Nos. 3,358,972; 3,649,229; 3,600,372; 3,649,659 and 

20 3,741 ,896. These patents also disclose sulfur-containing Mannich condensates. 

Useful reactive metals or reactive metal compounds are those which will form 
metal salts or metal-containing complexes with the functionalized polymer. Metal 
complexes are typically achieved by reacting the functionalized polymers with amines 
and/or alcohols as discussed above and also with complex forming reactants either 

25 during or subsequent to amination. Reactive metal compounds for use in the 
formation of complexes with the reaction products of functionalized polymer and 
amines include those disclosed in U.S. Patent No. 3,306,908. Complex-forming metal 
reactants include the nitrates, nitrites, halides, carboxylates, phosphates, phosphites, 
sulfates, sulfites, carbonates, borates, and oxides of cadmium as well as metals 

30 having atomic numbers from 24 to 30 (including chromium, manganese, iron, cobalt, 
nickel, copper and zinc). These metals are the so-called transition or coordination 
metals, i.e., they are capable of forming complexes by means of their secondary or 
coordination valence. 

Processes are disclosed in U.S. 3,306.908 and Re. 26,433 which are 

35 applicable to the carboxylic derivative compositions of the functionalized polymer of 
this invention with the amines as described above by substituting, on an equivalent 
basis, the functionalized polymer of this invention with the high molecular weight 
carboxylic acid functionalized polymer of U.S. Patent No. 3,306,908 and carboxylic 
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acylating 3gents of Re. 26,433. Similarly, the metal salts of U.S. 3,271 ,310 can be 
adapted to make the present functionalized polymer. 

The polymer of this invention may be used as a synthetic base oil. The 
functionalized polymer, in addition to acting as intermediates for dispersant 
5 manufacture, can be used as a molding release agent, molding agent, metal working 
lubricant, point thickener and the like. The primary utility for the above-described 
materials, from polymer ail the way through and including post-treated derivatized 
polymer, is as an additive for oleaginous compositions. For ease of discussion, the 
above-mentioned materials are collectively and individually referred to herein as 

io additives when used in the context of an oleaginous composition containing such 
"additives' 1 . Accordingly, the additives of the present invention may be used by 
incorporation and dissolution into an oleaginous material such as fuels and 
lubricating oils. When the additives of this invention are used in normally liquid 
petroleum fuels such as middle distillates boiling from 65°C to 430°C t including 

15 kerosene, diesel fuels, home heating fuel oil, jet fuels, etc., there is typically used a 
concentration of the additives in the fuel in the range of from 0.001 to 0.5, and 
preferably 0.005 to 0.15 wt %, based on the total weight of the composition. Useful 
compositions and additives are disclosed in U.S. Patent No. 5,102,566. 

The additives of the present invention are primarily useful in lubricating oil 

2 0 compositions which employ a base oil in which the additives are dissolved or 

dispersed therein. Such base oils may be natural or synthetic. Base oils suitable for 
use in preparing the lubricating oil compositions of the present invention include 
those conventionally employed as crankcase lubricating oils for spark-ignited and 
compression-ignited internal combustion engines, such as automobile and truck 
25 engines, marine and railroad diesel engines, and the like. Advantageous results are 
also achieved by employing the additive mixtures of the present invention in base oils 
conventionally employed in and/or adapted for use as power transmitting fluids, 
universal tractor fluids and hydraulic fluids, heavy duty hydraulic fluids, power 
steering fluids and the like. Gear lubricants, industrial oils, pump oils and other 

3 o lubricating oil compositions can also benefit from the incorporation therein of the 

additives of the present invention. 

The additives of the present invention, particularly those adapted for use as 
dispersants, can be incorporated into a lubricating oil in any convenient way. Thus, 
they can be added directly to the oil by dispersing or dissolving the same in the oil at 
3 5 the desired level or concentration of the additive. Such blending into the additional 
lube oil can occur at room temperature or elevated temperatures. Alternatively, the 
additives can be blended with a suitable oil-soluble solvent and base oil to form a 
concentrate, and then blending the concentrate with a lubricating oil basestock to 
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obtain the finai formulation. Such dispersant concentrates will typically contain (on 
an active ingredient (A. I.) basis) from 10 to 80 wt. %, typically 20 to 60 wt. %, and 
preferably from 40 to 50 wt. %, additive, and typically from 40 to 80 wt. %, preferably 
from 40 to 60 wt. %, base oil, i.e., hydrocarbon oil based on the concentrate weight. 
5 The lubricating oil basestock for the additive typically is adapted to perform a 
selected function by the incorporation of additional additives therein to form 
lubricating oil compositions (i.e., formulations). Usually concentrates maybe diluted 
with 3 to 1 00, e.g., 5 to 40 parts by weight of lubricating oil, per part by weight of the 
additive package, in forming finished lubricants, e.g. crankcase motor oils. The 

10 purpose of concentrates, of course, is to make the handling of the various materials 
less difficult and awkward as well as to facilitate solution or dispersion in the final 
blend. Thus, the additives of the present invention and formulations containing them 
would usually be employed in the form of a 40 to 50 wt. % concentrate, for example, 
in a lubricating oil fraction. The additives of the present invention will be generally 

15 used in admixture with a lube oil basestock, comprising an oil of lubricating viscosity, 
including natural and synthetic lubricating oils and mixtures thereof. Useful oils are 
described in U.S. Patent Nos. 5,017,299 and 5,084,197. Natural oils include animal 
cfils and vegetable oils (e.g., castor, lard oil) liquid petroleum oils and hydrorefined, 
solvent-treated or acid-treated mineral lubricating oils of the paraffmic, naphihenic 

2 o and mixed paraffinic-naphthenic types. Oils of lubricating viscosity derived from coal 

or shale are also useful base oils. Synthetic lubricating oils include hydrocarbon oils 
and halosubstituted hydrocarbon oils such as polymerized and interpolymerized 
olefins. Alkylene oxide polymers and interpolymers and derivatives thereof where the 
terminal hydroxyl groups have been modified by esterification, etherjfication, etc., 
25 constitute another class of known synthetic lubricating oils. Other suitable classes of 
synthetic lubricating oils comprise the esters of dicarboxylic acids and silicon and 
silicate based oils. Additionally, unrefined, refined and rerefined oils can be used in 
the lubricants of the present invention. 

Lubricating oil formulations containing the additives of the present invention 

3 o conventionally contain other types of additives that contribute other characteristics 

that are required in the formulation. Typical of such other additives are 
detergent/inhibitors, viscosity modifiers, wear inhibitors, oxidation inhibitors, corrosion 
inhibitors, friction modifiers, foam inhibitors, rust inhibitors, demulsifiers, lube oil flow 
improvers, and seal swell control agents, etc. Some of the additives can provide 
35 multiple effects e.g., a dispersant oxidation inhibitor. Compositions, when containing 
these additives, typically are blended into the base oil in amounts which are effective 
to provide their normal attendant function. Representative effective amounts of such 
additives are illustrated as follows: 
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Range 



5 Compositions 



Viscosity Index Improver 
Corrosion Inhibitor 
Oxidation Inhibitor 
Dispersant 

Lube Oil Flow Improver 
Detergents and Rust 

Inhibitors 
Pour Point Depressant 
Anti-Foaming Agents 
Antiwear Agents 
Seal Swellant 
Friction Modifiers 
Lubricating Base Oil 



10 



15 



20 



25 



30 



35 



40 



Broad 


Preferred 


Wt % 


Wt % 


1-12 


1-4 


0.01 -3 


0 01-1 5 


0.01 -5 


0 01-1 5 


0 1-10 


0.1-5 


0.01-2 


o!oi-1.5 


0.01-6 


0.01-3 


0.01-1.5 


0.01-1.5 


0.001-0.1 


0.001-0.01 


0.001-5 


0.001-1.5 


0.1-8 


0.1-4 


0.01-3 


0.01-1.5 


Balance 


Balance 



When other additives are employed, it may be desirable, although not 
necessary, to prepare additive concentrates comprising concentrated solutions or 
dispersions of the subject additives of this invention (in concentrate amounts 
hereinabove described), together with one or more of said other additives (said 
concentrate when constituting an additive mixture being referred to herein as an 
additive-package) whereby several additives can be added simultaneously to the 
base oil to form the lubricating oil composition. Dissolution of the additive 
concentrate into the lubricating oil may be facilitated by solvents and by mixing 
accompanied with mild heating, but this is not essential. The concentrate or additive- 
package will typically be formulated to contain the additives in proper amounts to 
provide the desired concentration in the final formulation when the additive-package 
is combined with a predetermined amount of base lubricant. Thus, the subject 
additives of the present invention can be added to small amounts of base oil or other 
compatible solvents along with other desirable additives to form additive-packages 
containing active ingredients in collective amounts of typically from 2.5 to 90%, and 
preferably from 1 5 to 75% ; and most preferably from 25 to 60% by weight additives in 
the appropriate proportions with the remainder being base oil. The final formulations 
may employ typically 10 wt. % of the additive-package with the remainder being base 
oil. (All weight percents expressed herein, unless otherwise indicated, are based on 
active ingredient (A.I.) content of the additive, and/or upon the total weight of any 
additive-package, or formulation which will be the sum of the AJ. weight of each 
additive plus the weight of total oil or diluent). 
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EXAMPLE 1 

In a continuous polymerization, ethylene gas was continuously injected into a 
liquid stream composed of 40 weight percent 1 -butene and 60 weight percent 
isobutane at a rate sufficient to provide 1 1 weight percent ethylene content, based 
5 upon the total weight of monomer. The reactant stream containing ethylene, 1- 
butene, and isobutane was continuously fed into a 568-liter, stirred boiling reactor 
equipped with a water jacket for temperature control at a rate of about 295 kg per 
hour, wherein the vapor formed in the reactor is condensed in an overhead reflux 
condenser and returned to the reactor. A catalyst solution was prepared by 
10 dissolution of solid 1,1-dimethylsilyl-bridged bis(4,5 1 6 f 7-tetrahydroindenyl)zirconium 
dichloride into a 10 weight percent solution of methylalumoxane in toluene, such that 
the AI:Zr molar ratio in the solution was 500: 1 . The catalyst solution was 
continuously pumped into the boiling reactor at a rate sufficient to provide a molar Zr 
concentration of 0.3 X 10-5. The temperature of the reactorwas maintained at 160°F, 
15 and the reactor pressure was maintained at 170 - 175 psig (ca. 13 bar). The reactor 
contents were continuously stirred at a rate of 300 rpm. The reactor residence time 
was 1 hour. The product stream was continuously fed from the boiling reactor to a 
quench drum, where it was contacted with an aqueous solution of 350 ppm NH40H. 
The unreacted monomer, solvent, and quench water were removed from the product 
by nitrogen stripping. The polymer product was then filtered to remove the catalyst 
residue. 

The yield of ethylene-1 -butene copolymer was about 70 kg per hour. The 
ethylene content of the copolymer was 22.8 weight percent, as determined by proton 
NMR. According to an analysis by proton IMMR, 69.6% of the polymer chains in the 
polymer were found to have terminal ethylvinylidene unsaturation, and 0% were found 
to have terminal vinyl unsaturation. The polymer had a Mn of 4,666 and MWD of 2.3, 
as determined by gel permeation chromatography using a calibration curve for a 
polydisperse EB copolymer with 20 wt.% ethylene content. 

EXAMPLE 2 

The polymerization was performed as in Example 1 , except that the reactor 
temperature and pressure were 175°F and 225 psig (ca. 16.5 bar) respectively. In 
addition, the reactant stream consisted of a liquid stream composed of 38.5 weight 
percent 1 -butene and 61.5 weight percent isobutane into which ethylene gas was 
injected at a rate sufficient to provide 25 weight percent ethylene content, based upon 
the total weight of monomer. The reactant stream was fed into the reactor at a rate of 
318 kg per hour. The yield of ethylene-1 -butene copolymer was 98 kg per hour. The 
polymer had 38.9 weight percent ethylene content, 66.3% terminal ethylvinylidene 
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unsaturation, and 0% terminal vinyl unsaturation. The Mn and MWD of the polymer 
were 4,325 and MWD of 2.34 respectively, as determined by GPC using the 
calibration curve for a polydisperse EB copolymer of 40 wt.% ethylene content. 

EXAMPLE 3 

In a continuous polymerization, ethylene gas was continuously injected into a 
liquid stream composed of 55.7 weight percent 1-butene and 44.3 weight percent n- 
butane at a rate sufficient to provide 12.9 weight percent ethylene content, based 
upon ins total weight of monomer. The reactant stream containing ethylene, 1- 
butene, and n-butane was continuously fed at a temperature of about 75°C into the 
bottom of a stirred 1500 ml Monel autoclave reactor at a rate of about 1.92 kg per 
hour. A catalyst stock solution was prepared by dissolution of solid 1 ,1-dimethylsilyl- 
bridged bis(4 1 5,6,7-tetrahydroindenyl)zirconium dichloride in toluene, followed by 
addition of the dissolved catalyst to a 10 weight percent solution of methylalumoxane 
in toluene, such that the AI:Zr molar ratio in the stock solution was 1000:1. The stock 
catalyst solution was continuously pumped into the reactor at a rate sufficient to 
provide a molar Zr concentration of 0.36 X 10-5. The reactor contents were 
continuously stirred at a rate of 1 500 rpm. The temperature and pressure of the 
reactor were respectively maintained at 90°C and about 250 psig (ca. 19 bar). The 
reactor residence time was 30 minutes. The product stream was continuously 
removed from the top of the reactor, quenched by contact with a 1 0 weight percent 
caustic solution, and then scrubbed by contact with water to remove traces of the 
caustic. Both the quenching step and the scrubbing step also served to remove some 
of the ash. Unreacted monomer, solvent, and water were then removed from the 
product polymer by flashing. The yield of ethylene-1 -butene copolymer was about 
0.70 kg per hour. As determined by proton NMR, the ethylene content was 16.9 
weight percent, and 63% and 0% of the polymer chains in the polymer were 
respectively found to have terminal ethylvinylidene and terminal vinyl unsaturation. 
The polymer had a Mn of 2,797 and MWD of 2.15. as determined by gel permeation 
chromatography using a polydisperse EB copolymer with 20 wt.% ethylene as the 
calibration standard. 

COMPARATIVE EXAMPLE 1 

The polymerization was performed as in Example 1, except that the reactor 
temperature and pressure were 205T and 320 psig (ca. 23 bar) respectively. In 
addition, the reactant stream consisted of a liquid stream composed of 40 weight 
percent 1-butene and 60 weight percent isobutane into which ethylene gas was 
injected at a rate sufficient to provide 35 weight percent ethylene content, based upon 
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the total weight of monomer. The reactant stream was fed into the reactor at a rate of 
341 kg per hour. The yield of ethylene-1 -butene copolymer was 106 kg per hour. 
The polymer had a Mn of 8,027, MWD of 2.74, 55.1 weight percent ethylene content, 
50.3% terminal ethylvinylidene unsaturation, and 4.3% terminal vinyl unsaturation. 

5 

COMPARATIVE EXAMPLE 2 

In a continuous polymerization, separate streams of fresh ethylene gas and 
fresh 1-butene gas flowing at the respective rates of 4.3 and 8 kg per hour were 
continuously mixed together, and ihe mixture compressed to 1 550 bar and chilled to 

10 30°C. The chilled mixture of ethylene and 1 -butene gas was then fed to the top of a 
3000 ml, jacketed, staged, steel autoclave reactor. A catalyst stock solution was 
prepared by dissolution of solid bis-(methylcylopentadienyl)zirconium dichloride into a 
10 weight percent solution of methylalumoxane in toluene, such that the final Al:2r 
molar ratio in the stock solution was 250:1 . The catalyst stock solution was 

is continuously pumped into the reactor at a rate of 650 ml per hour. The reactor 
contents were continuously stirred with an agitator operating at 1 900 rpm. The 
temperature and pressure in the reactor were respectively maintained at 125°C and 
about 1330 bar. The reactor residence time was about 1 minute. The product stream 
exiting the bottom cf the reactor was a mixture of polymer product, unreacted 

20 monomer, and catalyst fragments and by-products. After deactivation of the catalyst, 
unreacted monomer was separated from the polymer product in a high-pressure 
separator operated at 195°C and a reduced pressure of 63 bar, and the unreacted 
monomer was recycled back to the reactor. The polymer product was then 
transferred to a low pressure separator, operated at 1.1 bar and 180°C, for further 

25 separation and removal of residual unreacted monomer in the product stream. The 
yield of ethylene-1 -butene copolymer was about 6 kg per hour. As determined by 
proton NMR, the ethylene content was 55 weight percent, and 68% of the polymer 
chains in the polymer were found to have terminal ethylvinylidene unsaturation. The 
polymer had a Mn of 2,000 and MWD of 3.6, as determined by gel permeation 

30 chromatography, using a polydisperse EB copolymer with 60 wt% ethylene content 
as the calibration standard. 

POLYMER PROPERTIES 

Properties of each of the EB copolymers prepared in Examples 1-3 and 
35 Comparative Examples 1 -2 were measured in accordance with the following 
procedures. As an additional comparison, certain of the properties were also 
determined by these procedures for an isotactic poly(1 -butene) with Mn of 1 165 
(hereinafter Comparative Example 3): 
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Scattering Factor Sf by Light Scattering 

0.5g of the EB copolymer was added to 9.5g of S150NL mineral oil (5 wt% EB 
copolymer solution), mixed for approximately 1 6 hours at room temperature, heated 
and occasionally shaken in an oven at 80° - 85°C for several hours, and then filtered 
at 80' - 85°C. About a 5 ml portion of the hot, filtered solution was then immediately 
quenched by placing it in the sample chamber of a Brookhaven light scattering 
goniometer which contains an index matching bath at a temperature of 20 4 C: Liaht 
from a Spectra-Physics model 1 24B He-Ne laser (wavelength=632.8 nm) was 
directed onto the sample, and the scattered light intensity at a forward scattering 
angle of 45° was recorded in units of photon counts per second using a Brookhaven 
BI2000 correlator, where the intensity level was recorded every ten seconds for 60 
minutes following the quench. The results of these procedures for each of the 
Examples and Comparative Examples are collected together in Table I following. In 
addition. Figure 3-A presents a plot of the scattered light intensity as a function of the 
time following the quench for the EB copolymer product prepared in Example 1. As 
shown in Figure 3-A average scattered intensity did not change as a function of time 
after the quench for the duration of the test. Sf was, therefore, zero. Figure 3-B 
shows a plot of the scattered light intensity as a function of the time following the 
quench for the solution prepared from Comparative Example 2. As shown in Figure 
3-B, l 0 and leq were respectively 700 and 7000 counts per second, resulting in an Sf 
value greater than zero. 

Table I 

Example | 0 (photon leq (photon Sf 

counts/sec) counts/sec) 

1 300 300 0 

2 300 300 0 

3 700 700 0 
Comp 1 300 480 0 6 
Comp2 700 7000 9 
Comp 3 300 300 q 
'Comparative Example 3 is an isotadic poly(f-butene) with Mn of 1 165. 

Ethylene Sequence Length (ESn by C-13 NMR 

1g of the EB copolymer product was dissolved in 4g of CDCI3, which also 
contained 40 mg of chromium acetylacetonate as a paramagnetic relaxation agent. 
The solution so prepared was then used as a sample for measuring the C-13 NMR 
spectrum. The C-13 NMR spectrum was recorded on a JEOL GSX400 NMR 
spectrometer at 100 MHz. The following instrument conditions were employed: 
sample temperature, 30°C; pulse flip angle, 90°; pulse repetition delay, 3 seconds; 
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XEEE 


XBEE+EEB 


XBEB 
0.145 


ESL 


0.051 


0.138 


1.55 


0.164 


0.268 


0.123 


2.16 


0.052 


0.144 


0.160 


1.54 


0.342 


0.300 


0.070 


3.24 


0.298 


0.312 


0.091 


2.84 



number of acquisitions per spectrum, 8,000; and sweep width, 40,000 Hz. Proton 
decoupling was employed during acquisition, but not during recycle delay. Based 
upon an analysis of the spectrum that included the contributions of the terminal 
groups in the polymer chains, the triad concentrations XEEE, XBEE+EEB, and XBEB 
5 were obtained, and ESL was calculated. The results of these procedures are given in 
Table II. 

Table II 

Example 
1 
2 
3 

Comp 1 
Comp2 

Pour Point 

10 A blend was prepared containing 2 weight percent of EB copolymer product, 

0.2 weight percent of a dialkyl fumarate-vinyl acetate copolymer lube oil flow improver 
sold commercially by Exxon Chemical Company, and a balance of S150NL mineral 
oil. The pour point of the blend was then measured according to ASTM Method No. 
097. Table III presents the results of the pour point measurements for each of 

15 Examples 1 -3 and Comparative Examples 1 -3. The pour points of twenty additional 
EB copolymer products, prepared in accordance with the general methods described 
earlier in the specification ("Preparation of the Ethylene-1-Butene Copolymer) were 
measured via the procedure described above. Table IV summarizes the results, 
along with wt.% ethylene and Mn. The pour points for these polymers are reported in 

20 order of increasing ethylene content as sample numbers 1-3, 5-9, 1jM 8, 20, and 22- 
24. Table IV also includes, for comparative purposes, the same data for the EB 
copolymers of Examples 1 and 2, corresponding respectively to sample nos. 4 and 
10, and Comparative Examples 1 and 2, corresponding respectively to sample nos. 
21 and 19. Figure 2 provides a graphical representation of the data in Table IV. 

25 Figure 2 plots pour point as a function of ethylene content, wherein the pour point of 
each copolymer in the plot is marked by a circle whose diameter is proportional to the 
Mn of the copolymer. The number associated with each circle is the sample number 
of the copolymer in Table IV. 

3 0 Summary of Properties 

Tpble III below summarizes some of the key property values determined as 
described above for Examples 1-3 and Comparative Examples 1-3 including ethylene 
content (wt.%) number average molecular weight, ESL, Sf, and pour point. 
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Table III 



EB Polymer of Ethylene 0niir 
Example Content — Pour 





ESL 


Sf 


4666 


1.55 


0 


4325 


2.16 


0 


2797 


1.54 


0 


8027 


3.24 


0.6 


2000 


2.84 


9 


1165 




0 



Point 



(wt.%) ,. r *. 

1 22.8 4fiflA 1 n K rJ 

2 38.9 

3 16.9 



-30 
•36 

Compl 55.1 8027 3.24 0.6 .?8 

Comp2 55 2000 2.84 9 4? 

Comp3 0 1165 o ~j£ 

The respective pour points of S150NL miners; oM neat and a biend of S150NI with 0.2 wt % of 
lubncant oil flow improver were -18°C and -30*C. determined by ASTM Method No. D97. 

As shown in Table III. the polymers of Examples 1-3 all have Sf values of zero 
(i.e., an absence of aggregation), satisfactory pour points of -30°C or less, and ESL 
values <2.50. These data describe EB copolymers which, under the conditions 
specified in the Examples supra, have insufficient ethylenic crystallinity to act as sites 
for either copolymer aggregation in a quenched mineral oil solution or to adversely 
affect the pour point of the oil by participation in the crystalline wax network that forms 
as the mineral oil is cooled. At the opposite extreme is Comparative Example 1, 
whichhas Sf greater than zero, an unsatisfactory pour point of -18'C, and a relatively 
high tSL value of 3.24. These data describe an EB copolymer which has substantial 
ethylenic crystallinity, such that the copolymer both aggregates after solution 
quenching and adversely affects pour point by contributing to the formation of the wax 
crystal network in the cooling oil. Occupying an intermediate position is Comparative 
Example 2, which has Sf greater than zero, a satisfactory pour point of -33°C, and an 
2 o intermediate ESL value of 2.84. These data characterize an EB copolymer with 

sufficient ethylenic crystallinity to aggregate after quenching, but which is insufficient 
to contribute to the wax crystalline network in a manner which adversely affects pour 
point The data in Table III further demonstrates that the isotactic poly(l-butene) of 
Comparative Example 3 has a tendency not to aggregate, (i.e., Sf of zero) and has a 
25 relatively minor effect on pour point. This indicates that, relative to ethylenic 

crystallinity, isotactic crystallinity due to relatively long 1-butene sequences in E5 
copolymer chains plays little or no role in copolymer aggregation or pour point 
behavior. 
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Sample No. 


Mn 


cinyiene L/Onient 


1 




(Wt. 


ID 


2 


9 7Q7 


a 7 

I / 


3 


1 QfiO 




4 


A CfiC 
*f,DOO 


22.8 


5 




2/ 




1 Q^O 
I t 90Z 


28 


7 


o./oi 


33 


u 




35 




o,049 


36 




4,325 


38.9 


i 4 

I I 


3,571 


40 


12 


6,655 


41 


13 


7,204 


41 


14 


6,192 


45 


I O 


3,370 


50 


16 


2,844 


51 


17 


10,254 


51 


18 


4,353 


53 


19 


2,000 


55 


20 


11,869 


55 


21 


8,027 


55.1 


22 


12.432 


61 


23 


3.152 


61 


24 


3,062 


62 



Pour Point 
CC) 
-36 
-36 
-33 
-30 
-33 
-33 
-33 
-36 
-33 
-36 
-36 
-33 
-36 
-36 
-18 
-36 
-18 
-24 
-33 
-18 
-18 
-18 
18 
-21 

EXAMPLES 4-6 

5 In separate runs, each of the EB copolymers prepared in Examples 1-3 and 

pulverized maleic anhydride is charged at a ratio of 1.6 moles of maleic anhydride to 
one mole of EB copolymer under dry nitrogen and at atmospheric pressure to a 100 
ml pressure reactor equipped with a stirrer and a thermocouple and heated by means 
of an electric heating mantle. The reaction mixture is heated to 70*0, after which the 

10 reactor is gently purged by bubbling dry nitrogen through the liquid reaction mixture 
for 15 minutes. The purging is then terminated and the reactor sealed. The reactor 
temperature is then raised to a temperature of 220°C and is maintained at that 
temperature for 6 hours while stirring. The reaction is then terminated by cooling the 
reaction mixture to about 60 6 C, after which the liquid mixture is transferred to a glass 

15 beaker. Unreacted maleic anhydride is stripped off by passing dry nitrogen gas 
through the liquid at 140°C. The liquid product so prepared in each run is expected 
to contain EBSA and unreacted EB copolymer and to have little or no observable 
sediment. The product is also expected to have an Al value (active ingredient weight 
fraction equal to the weight fraction of functionalized polymer divided by the total 

2 o weight of functionalized and unfunctionalized polymer) of at least about 65 to 75, a 
value of F (average number of moles of functional groups per mole of total polymer) 
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between about 1.10 and 1.25, and a VR value (ratio of viscosity at -2CTC. in units of 
poise, according to ASTM D2502, to kinematic viscosity at 100°C, in units of 
centistokes, according to ASTM D445; both measurements made using a 2 wt. % 
solution in S150N reference oil, Exxon Company U.S.A.). of less than about 4.1. 

5 

EXAMPLES 5-7 

In separate runs, dispersant materials are prepared utlizing liquid EBSA 
products as prepared in Examples 4-6. The succinic acid anhydride substituted 
polymers are dissolved in an equal amount by weight of S150NL mineral oil. To the 
10 polymer solution is added tetraethylene pentamine (TEPA), and the mixture is heated 
to 140°C under nitrogen while stirring for about 2 to 4 hours. The molar ratio of total 
polymer to polyamine in terms of succinic acid equivalents to TEPA charged is 2 to 1. 
The dispersant material so prepared in each run is expected to have a VR value of 
less than about 4.1. 

15 

EXAMPLE 8 

About 50 grams of the EB copolymer prepared in Example 1 is dissolved in 
160 ml of chlorobenzene and added to a solution containing about 10 gram of phenol 
in 300 ml of chlorobenzene. While stirring at room temperature under nitrogen. 0.5 o 

20 of BF3 gas is bubbled into the charged solution, and the reaction mixture is stirred 
while the temperature is increased to 50 e C for about one hour. The reaction mixture 
is then neutralized with gaseous ammonia until a neutral pH is obtained. The solution 
is filtered and the filtrate is heated to 1 50°C to distill off the solvent and excess 
phenol. About 90% or more of the EB copolymer is expected to alkylate with the 

25 phenol to form EB copolymer substituted phenol. 

To a 500 ml round-bottomed reaction flask is charged 25 grams of S150NL 
lubricating oil in which is dissolved 25 grams of EB substituted phenol as just 
prepared. 0.61 g of 1,6-hexanediamine and 0.35 g of formaldehyde are then added 
to the flask at 30°C under nitrogen. The mixture is heated to 115°C and kept at that 

3 o temperature for 1 hour, after which the temperature of the reaction mixture is raised to 
130°C and maintained at that temperature for 45 minutes, all the while sweeping the 
reaction flask with dry nitrogen gas. The stripped reaction mixture is then cooled to 
room temperature, diluted with 100 ml of heptane, and filtered. The filtrate is then 
stripped at 130°C with dry nitrogen gas to remove heptane. 



35 



EXAMPLE9 

A 1500-ml glass reactor equipped with gas inlet and outlet tubes, a 
thermometer, and a stirrer is charged with 800 grams of EB copolymer as prepared in 
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Example 3. The temperature is raised to 200'C while stirring the copolymer. Dry air 
is bubbled through the copolymer via the inlet tube for 6 hours, all the while 
maintaining the temperature at 200°C. At the end of 6 hours, the air flow is 
terminated, and nitrogen is bubbled through the copolymer while cooling the reactor 
to room temperature; an oxidized EP copolymer product is obtained. 

EXAMPLE 10 

A nitrogen-containing dispersant material is prepared uttizing oxidized EB 
copolymer product as prepared in Example 9. The oxidized EB" copolymer is 
dissolved in an equal amount by weight of S150NL mineral oil. To the polymer 
solution is added tetraethylene pentamine (TEPA), and the mixture is heated to 
140'C under nitrogen while stirring for about 2 to 4 hours. The molar ratio of total 
polymer to polyamine in terms of equivalents of carboxyl groups in the oxidized EB 
copolymer to TEPA charged is 2 to 1 . 
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CLAIMS 

1 . Oil soluble copolymer comprising from 1 to 50 weight percent monomer 
units derived from ethylene and from about 99 to about 50 weight percent monomer 
units derived from 1-butene, based on the total polymer weight, and having a number 
average molecular weight of from 1 ,500 to 7.500, ethylvinylidene groups terminating 
at least about 30 percent of all copolymer chains, and an absence of aggregation in 
solution with mineral oil as determined by having an Sf value of about 2ero. 

2. A copolymer of claim 1 , which comprises from 1 0 to 35 weight percent 
ethylene derived monomer units and present in an amount of from 90 to 65 weight 
percent, 1-butene derived monomer units based on the total polymer weight; and 
which has a molecular weight distribution of less than 5, a pour point of -30°C or less 
when tested according to ASTM D97, and an average ethylene sequence length 
value of from 1 to 2.50. 

* 3. A copolymer of claim 1 or claim 2, wherein ethylvinylidene groups 
terminate at least 65 weight percent of all polymer chains and wherein the number 
average molecular weight is from 2,000 to 5,000. 

4. A functionalized copolymer wherein the copolymer prior to 
functionalization is as claimed in any of claims 1 to 3. 

5. A functionalized copolymer of claim 4, wherein the copolymer is 
functionalized with at least one member selected from the group consisting of C3 to 
C10 mono-unsaturated monocarboxylic acid producing moieties and C4 to C10 
mono-unsaturated dicarboxylic acid producing moieties. 

6. A functionalized copolymer of claim 4, which comprises and oxidized 
copolymer which is the reaction product of the copolymer of any of claims 1 to 3 and 
an oxygen-containing gas, an ozone-containing gas or mixtures thereof. 

7. A derivatized copolymer useful as a lubricating oil dispersant additive, 
which comprises the reaction product of a functionalized copolymer of any of claims. 4 
to 6 and a derivatizing copound. 
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8. A derivatized copolymer of claim 7 in which the functionalized 
copolymer is reacted with at least one nucleophilic reagent selected from amines, 
alcohols, metal reactants, and mixtures thereof. 

9. A derivatized copolymer comprising the reaction product of 

(a) at least one alkyl-substituted hydroxyaromatic compound formed by the 
alkylation of at least one hydroxy aromatic compound with a copolymer as claimed in 
any of claims 1 to 3; 

(b) at least one aldehyde reactant; and 

(c) at least one nucleophilic reactant. 

1 0. A lubricating oil composition comprising a major amount of a lubricating 
base oil, lubricating oil flow improver, and a minor amount of oil soluble copolymer as 
claimed in any of claims 1 to 3. 

11. The lubricating oil composition of claim 1 0, containing from 0.01 to 5 
weight percent of the lubricating oil flow improver and from 0.1 to 20 weight percent of 
the copolymer, based on the total weight of the composition. 

12. A lubricating oil composition comprising base oil and, as a dispersant 
additive, a functionalized or derivatized copolymer as claimed in any of claims 4 to 9 
in the form of either 

(a) a concentrate containing from 1 1 to 80 weight percent of the 
dispersant additive; or 

(b) a composition containing from 0.1 to 10 weight percent of the 
dispersant additive. 



WO J4/19436 



PCT/US93/12133 




WO 94/19436 



2/5 



PCT/US93/12193 




WO 94/19436 



3/5 



PCT/US93/12193 



O 




0 '5sp - iuiod jnod 



WO 94/1*436 



4/5 



PCT/US93/12193 



/ 

or 



t>4 



0> 



6 



id 

<> 



6 



WO 94/1943* 



5/5 



PCT/US93/12193 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ; . _ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



